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SNR prediction modelAbstract The signal quality along with satellite availability & geometric dilution of precision
plays a major role in GPS positional accuracy. In this study an attempt is made to develop a
SNR prediction model for the urban environment. The height attribute value for 3D shapeﬁle
representing different urban environments is acquired from Cartosat-1 DEM and Total Sta-
tion (which gave better accuracy in prediction). The best ﬁt regression model correlating GPS
signal SNR and satellite elevation angle in open environment for a GPS antenna was derived.
The derived regression model between satellite elevation angle and signal SNR along with
reﬂection and diffraction coefﬁcients of surrounding urban environment was used to predict
the GPS signal SNR at a given time.
 2016 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
The motivation behind this research was to answer the follow-
ing question: ‘‘How the accuracy of GPS is affected by the
obstructions in urban environment?” These obstructions may
lead to degradation of signal strength or complete signal
blockage and multipath is one of its major cause. GPS multi-
path, where a signal arrives by more than one path, is a source
of positioning error. It also inﬂuences other scientiﬁc products
derived from GPS observables, which includes timing (Ray
and Senior, 2005), water vapor products (Braun et al., 2001),
and seismic waves (Larson et al., 2003). Therefore it is impor-
tant to understand its cause and magnitude. In urban environ-
ment geometry of satellites and multipath affect GPS accuracyin a constant amount, so we need to deal with these two factors
for SNR prediction in urban environment. Satirapod and
Wang (2000) related SNR with RMS Phase noise residuals
and concluded SNR to be an important quality indicator. To
assess the GPS signal multipath error Byun et al. (2002 devel-
oped a ray tracing GPS signal multipath simulator incorporat-
ing the signal reﬂection and diffraction from the surroundings.
Bilich et al. (2004) gave strong evidence of multipath from the
observations of SNR data. When SNR was calculated from
the prompt accumulations of the code tracking loop, the mea-
sured SNR was found directly related to carrier phase errors
due to multipath Bilich and Larson (2007). They also pre-
sented a tool Power Spectral mapping which visually repre-
sented the multipath environment of a GPS site. The
objective of this study is to predict the SNR values of all visible
satellites using multipath prediction model. The model takes
an urban environment (3D building model) as an input and
incorporates the reﬂection and diffraction losses.0.1016/j.
Figure 2 SNR vs. elevation curve.
2 S. Deep et al.
ARTICLE IN PRESS2. Study area and datasets
The ultrarapid products of ephemeris were used, with 48 h of
orbits, accurate at 5–10 m level. The Cartosat1 DEM was
taken from (Enkhtur (2010). The 3D building model of IIRS
test site was also generated using Total Station (Leica TPS
1201) and had horizontal accuracy of 40 cm and vertical accu-
racy of 60 cm. A total of 1970 epochs for about 11 h were
observed for Trimble R7 GNSS at IIRS, Dehradun. This data
was used to relate elevation angle and SNR values.
The base receiver was kept at the roof of IIRS building
while the rover receiver was in front of the buildings as shown
in Fig. 1. The model was validated in differential mode, when
the rover was taken to different urban geometries of IIRS cam-
pus, Raj-Plaza and Cross road Mall. A total of 634 observa-
tions were taken with an interval of 10 s on 3/01/13 at IIRS
campus of which we had the 3D building model using Cartosat
DEM & Total Station. At the different urban geometries 316
numbers of observations were taken so as to validate predic-
tions using Cartosat 1 DEM.
3. Methodology
GPS ephemeris data (International GNSS Service), location,
time and satellite mask angle were the inputs for the prediction
of satellite elevation angle and the satellite availability. Satel-
lites with an elevation angle below mask angle were removed.
A regression model was derived to relate the elevation angle
with SNR with the ﬁeld data. This derived regression model
predicted the available satellites in open environment. Since
the multipath is affected by the electrical properties of the
building surface materials which reﬂects the GPS signals and
also by diffraction (Richter and Euler, 2001) therefore the
reﬂection and diffraction coefﬁcients were incorporated in
the Multipath Prediction Model. The input for the model
was the 3D building shapeﬁle (building footprints with height
attribute) which also contained the electrical properties (con-
ductivity and relative permittivity) of the building materials.
The different urban scenarios explained in Deep et al. (2013)
incorporated the reﬂection coefﬁcients. The diffraction losses
were computed with the single knife-edge diffraction model.
The derived multipath modes incorporated the LHCP R.RFigure 1 GPS antennas (a) Base receiver on top of building
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pattern for multipath signals (Hannah, 2001). The Trimble
Zephyr geodetic model 2 antenna with LHCP value 20, vali-
dated the multipath prediction model.
4. Results and discussion
To predict SNR, a regression model was derived for Trimble
R7 GPS receiver. The best ﬁt regression model found was
Polynomial of order 3 (Eq. (1)) with co-efﬁcient of determina-
tion R2 = 0.969 as shown Fig. 2.
SNR ¼ 3:199  1005  h3  0:0081  h2 þ 0:6613  h
þ 31:38 ð1Þ
All the satellites could be predicted completely in the open
environment using the above regression model. Observing the
GPS rover receiver data kept in the urban environment, it was
found that few satellites getting observed could not be pre-
dicted using the derived regression model. The satellites with
high SNR (>50 dB) could be successfully predicted while the
low SNR (<35 dB) ones could not be predicted. Rest of them
may or may not be observed. Incorporating the multipath pre-
diction model, the satellite availability and SNR could be pre-
dicted in urban environment. The prediction accuracy of the
model was found better when the height in the 3D building
shapeﬁle was taken from total station. However it can also
be seen that the major differences were large at the places
where the SNR was low. The maximum difference in Table 1(b) Rover at test site (Trimble R7 GNSS Base & Rover).
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Table 1 Observed and predicted SNR values with 3D building model using Cartosat and Total Station (TPS) at an epoch.
Time-9.45.00 SNR Diﬀerence (Observed-Predicted SNR)
Observed Predicted
PRN TPS Cartosat TPS Cartosat
G03 40.6 41.41 41.41 0.81 0.81
G06 37.1 38.1 38.1 1 1
G14 48.8 48.74 48.74 0.06 0.06
G18 49 48.3 43.28 0.7 5.72
G19 34.2 42.44 42.44 8.24 8.24
G21 48 47.5 44.47 0.5 3.53
G22 50.4 48.58 48.68 1.82 1.72
G24 44.6 43.77 39.21 0.83 5.39
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24 we observe that with Cartosat 1 DEM difference of 5.39 dB
and for the same, with the total station the difference is
0.83 dB only. This establishes that overall accuracy also
depends on the accuracy of the height attribute ﬁeld in 3D
building shapeﬁle.
The PRN 18, 21 22 & 24 were not visible without incorpo-
rating multipath model but after incorporating it they were
predicted. The difference in all these cases is observed to be
very minimum indicating performance of the model. Predic-
tion accuracy of 82.60% was achieved when height was taken
using Cartosat 1 DEM while using Total Station prediction
accuracy of 89.13% was achieved.
5. Conclusions
The satellites in open environment could be predicted using the
regression models. The multipath prediction model could efﬁ-
ciently predict the satellite availability and signal quality for
different urban scenarios. The SNR predictions were validated
successfully for the same. The height of the 3D shapeﬁle taken
from Total Station gave better prediction results than Cartosat
DEM. It was seen that the major differences between SNR
predicted and observed were at the places where the SNR is
low (<35 dB). At low elevation angles, the SNR is low and
ground multipath dominates which effectively reduces the sig-
nal strength and sometimes the SNR reaches to a level below
the threshold for the receiver and that satellite could not be
observed.
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